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(54) Apparatus for and method of de-icing a surface 

(57) In order to facilitate de-icing of a leading edge (23) of an air intake duct (24) electrical heating apparatus is disposed 
immediately adjacent to the leading edge (23). The electrical heating apparatus comprises a number of wires (26) 
embedded in the leading edge (23). The wires (26) are heated intensely for a short period of time. The intense heating of 
the wires (26) results in a phase change at the interface between the leading edge (23) and the ice adhered thereto. The ice 
at the interface changes rapidly from a solid to produce a liquid and a gas. The adhesion of the ice is broken and the gas 
produced at the interface produces a force which is sufficient to detach the remaining ice from the leading edge (23). 
Instead of wires 26, stripes of electrically conductive paint or a conductive ceramic may be used, or a non-electric heat 
source may be used. A microwave detector or temperature detector sensing phase change or temperature at the interface 
may control the power supply. 




APPARATUS FOR DEICING A SURFACE AND METHOD OF USING THE SAME 
The present invention relates to an apparatus for and 
method of de-icing a surface of an aircraft or aero-engine. 
In particular it is concerned with de-icing of the air 
intake of a gas turbine engine. 

Icing of the leading edge of an air intake duct of a 
gas turbine aero-engine can occur during flight. At certain 
operating conditions water droplets entrained in the airflow 
freeze on impacting the intake. Ice formed on the intake can 
considerably restrict the airflow through the engine causing 
a loss in performance and possible malfunctioning of the 
engine. 

Ice protection systems are therefore employed on the 
surfaces of air intakes which are susceptible to the 
formation of ice. These systems either prevent formation of 
the ice, anti-icing systems, or break up the ice that has 
already formed, de-icing systems. The system employed must 
be reliable, easy to maintain and present no extra weight 
penalty. 

De-icing systems are known which use electrical heating 
apparatus to break up ice formed on the surfaces of an air 
intake. In order to reduce the electrical power demand 
required to de-ice large air intakes intermittent electrical 
heating is used. 

Intermittent electrical heating allows ice to form 
during a period when no electrical power is provided but 
during a period when electrical power is provided the heat 
generated breaks the adhesion of the ice. The cycling time 
of the intermittent heating is arranged so that the engine 
can accept the amount of ice that collects during the power 
off period and yet ensures that during the power on period 
sufficient heat is generated to shed the ice whilst not 
adversely affecting the heated area. Once the adhesion of 
the ice is broken it is removed from the intake by 
aerodynamic forces. 

The present invention seeks to provide an improved 
de-icing system which is not reliant on aerodynamic forces 
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to remove the ice once the adhesion of the ice has been 
broken. 

According to the present invention apparatus for 
de-icing a surface on which in operation a layer of ice is 
adhered comprises a heater located adjacent to the surface 
to be de-iced, means for selectively energising the heater 
so that in operation when a layer or ice is adhered to the 
surface the heater is energised to heat the interface 
between the surface and the ice at such a rate that the ice 
at the interface vaporises and expands to produce a force 
sufficient to detach the remaining ice from the surface. 

Preferably the heater is an electrical heating element. 
The electrical heating element in one embodiment of the 
present is a plurality of electrically conductive wires 
embedded in the surface. 

In a second embodiment the electrical heating element 
is a series of thermally conductive paint stripes sprayed 
onto the surface. 

In a third embodiment of the present invention the 
electrical heating element is a ceramic layer deposited onto 
the surface. 

The means for selectively energising the heater may be 
a microwave detector which monitors the phase change at the 
interface between the ice and the surface. Alternatively the 
means for selectively energising the heater may be a 
temperature sensor which monitors the temperature at the 
interface between the ice and the surface. 

The surface may form part of an air intake duct of a 
gas turbine engine. 

A further aspect of the present invention is a method 
of de-icing a surface on which in operation a layer of ice 
adheres. The method comprises the steps of, locating a 
heater adjacent to the surface to be de-iced, selectively 
energising the heater so that the surface is heated when a 
layer of ice is adhered thereto, heating the surface so that 
the interface between the ice and the surface is heated at 
such a rate that the ice at the interface vaporises and 
expands to produce a force sufficient to detach the 
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remaining ice from the surface. 

The present invention will now be described by way of 
example with reference to the accompanying drawings in 
which: 

Figure 1 is a schematic view of a gas turbine engine 
which is partially broken away to show an air intake duct 
which is de-iced in accordance with the present invention. 

Figure 2 is an enlarged view of the air intake duct in 
figure 1 which is partially cut away to show a de-icing 
system in accordance with one embodiment of the present 
invention. 

Referring to figure 1 a gas turbine engine generally 
indicated at 10 comprises a fan 12, a compressor 14, 
combustion equipment 16, a turbine 18 and a fixed propulsion 
nozzle 20 in flow series. An annular air intake 22 is 
provided between the hub 11 of the fan 12 and an air intake 
duct 24. The air intake duct 24 is manufactured from a 
carbon fibre reinforced composite material. 

In order to allow de-icing of leading edge 23 of the 
air intake duct 24 electrical heating apparatus is disposed 
immediately adjacent the leading edge 23. The electrical 
heating apparatus comprises a number of wires 26 which are 
embedded into the leading edge 23 of the air intake duct 24, 
figure 2. The wires 26 are disposed between the layers of 
carbon composite material which form the air intake duct 24. 
The carbon composite material comprises layers which are 
bound together by a resin which acts to insulate the wires 
26 from one another. 

The wires 26 are electrically conductive and an 
electrical current is supplied to them by a generator (not 
shown). The wires 26 offer a resistance to the electrical 
energy passing therethrough. The resistance to the 
electrical energy causes the wires 26 to heat up which in 
turn causes heating of the leading edge 23 of the air intake 
duct 24. 

The wires 26 are intermittently heated by cycling the 
electrical energy supply from the generator. When no 
electrical energy is supplied ice builds up on the leading 
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edge 23 of the air intake duct 24. The presence of a layer 
of ice is detected by a vibrating sensor. The frequency at 
which the sensor vibrates changes when ice has formed 
thereon. There are * a number of alternative sensors 
commercially available which may be used to detect the 
presence of ice on the air intake duct 24. 

When a layer of ice has been detected of if an operator 
so demands electrical energy is supplied to the wires 26 so 
that they are heated intensely for a short period of time. 
The intense heating of the wires 26 results in a phase 
change occurring at the interface between the ice and the 
leading edge 23 of the air intake duct 24. The layer of ice 
adhered to the leading edge 23 of the air intake duct 24 
changes rapidly from solid ice to produce a liquid and a gas 
at the interface. The adhesion of the ice is broken and the 
expansion experienced with the production of the gas 
produces a force which is sufficient to detach the remaining 
ice from the leading edge 23. 

In the preferred embodiment of the present invention 
the phase change at the interface of the ice and the leading 
edge 23 of the air intake duct 24 is monitored by a 
microwave detector (not shown). The microwave detector is 
embedded in the carbon composite layers of the air intake 
duct 24 and measures the amount of microwaves backscattered 
to the detector. The amount of microwaves detected will 
change according to whether the interface is all ice, water 
and ice or partially gas. The detector in turn controls the 
electrical supply to the wires 26 so that electrical power 
is not supplied once the presence of a gas at the interface 
has been detected. 

Only short impulses of electrical power which are high 
in intensity are required to de-ice the air intake duct 24. 
The change of phase which occurs in the layer ,of ice which 
adheres to the leading edge 23 of the air intake duct 24 
provides a force sufficient to detach the remaining ice 
rather than relying on aerodynamic forces. 

In a second embodiment of the present invention a 
thermally conductive paint is used to heat the leading edge 



23 of the air intake duct 24. A mask is used to produce a 
series of stripes in a layer of paint which is sprayed onto 
the leading edge 23 of the air intake duct 24. The stripes 
are thermally conductive and are sequentially heated. 
Optimum sequencing of an electrical supply to the paint 
stripes reduces the power requirements needed to de-ice the 
air intake duct 24. The paint stripes offer the advantage 
that they are readily accessible and easy to repair as they 
lie on the surface of the air intake duct 24. 

In a further embodiment of the present invention a 
ceramic layer is deposited onto the leading edge 23 of the 
air intake 24. A ceramic such as Ceram 60 produced by Schott 
Industries is used as it heats up rapidly to vaporise the 
ice. 

Although the present invention has been described with 
reference to electrical heater elements it will be 
appreciated that alternative heating means could be used. 
Further a temperature sensing device may be used in place of 
the microwave detector. The temperature detector would 
monitor the temperature of the wires 26 and control the 
amount of electrical energy supplied. 

The present invention has been described with reference 
to an air intake of a gas turbine engine however it will be 
appreciated that it is equally applicable to any surfaces 
which are susceptible to the formation of ice. 
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Claims : 

1. Apparatus for de-icing a surface on which in operation 
a layer of ice is adhered comprises a heater located 
adjacent to the surface to be de-iced, means for selectively 
energising the heater so that in operation when a layer of 
ice is adhered to the surface the heater is energised to 
heat the interface between the surface and the ice at such a 
rate that the ice at the interface vaporises and expands to 
produce a force sufficient to detach the remaining ice from 
the surface. 

2. Apparatus as claimed in claim 1 in which the heater is 
an electrical heating element. 

3. Apparatus as claimed in claim 2 in which the electrical 
heating element is a plurality of electrically conductive 
wires embedded in the surface. 

4. Apparatus as claimed in claim 2 in which the electrical 
heating element is a series of thermally conductive paint 
stripes sprayed onto the surface. 

5. Apparatus as claimed in claim 2 in which the electrical 
heating element is a ceramic layer deposited onto the 
surface . 

6. Apparatus as claimed in any of claims 1-5 in which the 
means for selectively energising the heater is a microwave 
detector which monitors the phase change at the interface 
between the ice and the surface. 

7. Apparatus as claimed in any of claims 1-5 in which the 
means for selectively energising the heater is a temperature 
sensor which monitors the temperature at the interface 
between the ice and the surface. 

8. Apparatus as claimed in any preceding claims for use in 
a surface which forms part of an air intake duct of a gas 
turbine engine. 

9. A method of de-icing a surface on which in operation a 
layer of ice adheres, the method comprising the steps of, 
locating a heater adjacent to the surface to be de-iced, 
selectively energising the heater so that the surface is 
heated when a layer of ice is adhered thereto, 

heating the surface so that the interface between the 
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surface and the ice is heated at such a rate that the ice at 
the interface vaporises and expands to produce a force 
sufficient to detach the remaining ice from the surface, 

10. Apparatus for de-icing a surface as hereinbefore 
described with reference to and as shown in figures 1 and 2. 

11. A method of de-icing a surface as hereinbefore 
described with reference to figures 1 and 2. 
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